The challenge of operational oceanography
Operational oceanography is nowadays the branch of ocean science that routinely makes available high quality observational and model data for both fundamental studies and practical applications. The high variability of ocean currents and the need for the assessment of the state of the marine environment require a continuous monitoring of the ocean environment at unprecedented resolution and quality. On the other hand, scientific discoveries require continuous observations of the essential state variables of the system in order to detect new basic mechanisms and processes. Operational oceanography will produce such basic flow of information worldwide, from the collection of ocean observations following international standards to their mapping and forecasting for all users.
The implementation of operational oceanography in the world ocean is still at its infancy for many basins and shelf areas (Pinardi and Woods, 2002; Chassignet and Verron, 2006) . In the Mediterranean two European research and development programs have started to implement a basin scale observing and modelling system for the production of oceanographic forecasts. The first project (Pinardi et al., 2003) set up a prototype observing and modelling system while the second, MFSTEP, upgraded the various components of the oceanographic system and demonstrated the quality of the forecasts from the basin to the shelf scales of the Mediterranean Sea. To our knowledge this is the first multi-scale (basin and shelf) forecasting system functioning operationally in the world, making available all basic oceanographic information (several gridded model data sets integrating the observations and the model output via data assimilation) on the state of the marine system and its evolutions on different space and time scales, from hydrodynamics to marine biochemistry.
Published by Copernicus Publications on behalf of the European Geosciences Union. The concept developed in the Mediterranean implementation of operational oceanography rests upon a "nested approach" where resolution and processes are added gradually, wherever they are needed and where there is competence to use them and control them. This approach requires a comprehensive information system based on a network of centres delivering selected information needed for the value adding chain. Such network was consolidated during MFSTEP and it has never stopped since then, making this volume a very valuable source of information about the system components, their scientific validation and their usage in applications.
MFSTEP results in synthesis
The methodology for implementation of operational oceanography in the Mediterranean Sea, developed and demonstrated by MFSTEP, follows a multi-scale, multiplatform observing and modelling system approach schematised in Fig. 1 . The project had the goal of developing, implementing and demonstrating some of the components presented in Fig. 1 and the activities can be synthesized in 5 working areas:
1. the real time observing system upgrade and deployment;
2. the numerical ocean forecasting system and its atmospheric forcing development and demonstration;
3. the biochemical numerical modelling development and scientific validation;
4. the data dissemination and information system set up;
5. the end-user applications and services demonstration.
In the following we will overview each working areas results.
The real time observing system
The MFSTEP observing system is composed of in situ and satellite elements only at the basin scale (see Fig. 1 ). For the in situ observing system element the sub-components are:
1. a Ship Of Opportunity Program (SOOP), composed of 9 tracks with 12 nautical miles resolution and full profile transmission . The problems connected to the XBT temperature recording system were critically assessed and new technology was developed, a multiple launcher for XBT (Zappalà et al., 2007) and a new expandable probe that can collect temperature and fluorescence data (Marcelli et al., 2007) .
a network of Mediterranean Multidisciplinary Moored
Array (M3A) stations with Real Time collection and dissemination of data Petihakis et al., 2007) .
3. a dedicated and customized ARGO float program for the Mediterranean Sea, so-called MEDARGO (Poulain et al., 2007) to sample adequately the thermohaline structure of the basin (Emelianov et al., 2006) . The float sampling scheme and the impact of temperature and salinity assimilation on the quality of the model analyses have been analysed with Observing System Simulation Experiments ; 4. a Fishery Observing System-FOS that allowed the collection of combined fish stock and temperature data (Falco et al., 2007) ;
5. a glider repetitive track monitoring in the Ionian Sea, collecting for several months temperature and salinity profiles down to 200 m and profiles down to 1000 m for few weeks (P. Testor and U. Send, personal communication).
For the satellite observing element the sub-components are:
1. altimeter near real time products from Topex/Poseidon and Jason-1 missions together with re-processed ERS-1 and ERS-2 altimeter signals;
2. real time daily Sea Surface Temperature (SST) products and re-analyses (Marullo et al., 2007);  3. near real time analysis of scatterometer winds producing daily optimal estimates of surface winds (Bentamy et al., 2007) ;
The numerical ocean forecasting system and its atmospheric forcing
The numerical ocean forecasting system developed by MF-STEP is composed of:
1. a basin scale forecasting model (Tonani et al., 2008) at 6.5 km resolution. The model was set in operational mode during TOP and never stop since then, producing daily ten days forecasts;
2. a daily data assimilation system for the basin scale (Dobricic et al., 2007) . In addition, ARGO float position assimilation was developed for the first time (Taillandier and Griffa, 2006) as well as assimilation of local data in nested models (Vandenbulcke et al., 2006) ; 3. Four limited area ocean forecasting models at 3 km and four shelf scale models at 1.5 km resolution were nested in the basin scale model in operational mode. The regional model areas were: North-Western Mediterranean (Estournel et al., 2009) , the Sicily Strait (Gaberšek et al., 2007) , the Adriatic Sea (Chiggiato and Oddo, 2008) and the Aegean-Levantine Sea (Sofianos et al., 2006) . Two of the shelf scale models are described in this issue: the northern Aegean Sea (Kourafalou et al., 2007) and the South-eastern Levantine Sea (Zodiatis et al., 2008) .
The ocean forecasting activities were partially supported by a dedicated limited area atmospheric model run in operational mode (Brožková et al., 2006) . This issue contains also some novel scientific interpretations of model results (Jordi et al., 2006; Ahumada and Cruzado, 2007; Olita et al., 2007) and a quantitative assessment of the operational forecast quality during TOP (Tonani et al., 2009 ).
The ecosystem numerical modelling
In MFSTEP a numerical model for the marine food web has been developed (Vichi et al., 2007) to be coupled with the oceanographic forecasting models and one example of such model is reported (Petihakis et al., 2009) . Moreover data assimilation of chlorophyll data has been studied (Crispi et al., 2006) and proven to be effective in a large scale biochemical model implementation in the Eastern Mediterranean Sea (Triantafyllou et al., 2007) . MFSTEP has put the scientific basis for the future forecasting models of marine biochemistry that are now working in real time.
The data dissemination and information system
The observed and model collected data have been organised in a network of Thematic Expert Data Centres (TEDC) mainly composed of Web Portals for the discovery and viewing of the MFS products and activities. The data formats and system architecture was done to be convenient for real time data downloading via ftp protocols both for the system expert teams and the end-users. The basic portal network is still working now and it forms the basis of the MOON Web Portal encompassing the most recent developments in the observing and modelling system after MFSTEP.
The end-user applications and services
Several novel applications of the forecasting products were developed during MFSTEP. This is an area of continuous research because the practical implications of a generic, routinely available analysis and forecasting system are still www.ocean-sci.net/6/263/2010/ Ocean Sci., 6, 263-267, 2010
under scrutiny and development. Basically the analyses and forecasts can be used for management of emergencies at sea, for assessment of the state of the environment from pollution to fish stocks and integrated coastal zone management. In this issue we report of operational modelling of sediment transport in a northern Aegean Gulf (Krestenitis et al., 2007) and the hazard mapping for oil spill pollution (Pizzigalli and Rupolo, 2007) . New modelling requirements for applications such as wave-current coupling in coastal areas are also explored (Jordà et al., 2007) .
Conclusions
A short term forecasting system for the Mediterranean basin scale and its coastal areas has been developed that provides continuous monitoring of the flow field evolution in the recent past and daily 10 days forecasts. Generic, all-purpose, high quality oceanographic information is nowadays delivered by the operational integrated system developed during MFSTEP.
The MFSTEP project is a general example of how to deploy an operational oceanographic system in a relatively large area of the world ocean. The Mediterranean Sea is a semi-enclosed concentration basin that is forced by intense air-sea fluxes of momentum, heat and water typical of the open ocean. The shelf area of the basin are complex, a mixture of narrow and extended shelves, both Regions Of Fresh water Influence (ROFI) and areas affected by open ocean transports. Examples of such diverse shelf/coastal conditions are given in details in Pinardi et al. (2006) together with ecosystem and sedimentary differentiations. This diversity is not unique to the Mediterranean but rather common to many ocean basins. An operational oceanographic system that will be of high quality will have to consider different processes, monitor at different space and time scales for each different shelf area. Thus a fast communicating network of monitoring and modelling centres, downscaling from the basin to the shelf areas of interest, is required. The key issue is to be able to use the information from a given spatial and temporal scale to help build the successive scale and processes in a chain that preserves correctly the information and helps the higher resolution, multi-process nesting.
This special issue overviews some of the crucial understandings and technical tools required to demonstrate that forecasting from the basin scales to the shelf areas is practical with present day technology. It is believed that the free, unrestricted access to these products will allow in the near future to improve our basic scientific understanding of the ocean system.
